DISTRIBUTION  STATEMENT  A 

Approved  for  Public  Release 
Distribution  Unlimited 


O) 

c 


CA 

(0 

0) 

O 


0) 

O 

CO 

Q. 


This  work  was  sponsored  by  the  DARPA  under  Air  Force  Contract  F19628-00-C-0002. 
Opinions,  Interpretations,  conclusions  and  recommendations  are  those  of  the  author, 
and  are  not  necessarily  endorsed  by  the  United  States  Government. 

MIT  Lincoln  Laboratory 


Application:  Space  Based  Radar 
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STAR  Units 
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Doppler  Ambiguous  Clutter 


jaiddoQ  pezjieujJON 


MIT  Lincoln  Laboratory 


Aperture  and  Doppler  Limited  Performance 
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Some  Sparse  Array  Concepts 


Sparse  Array  Issues 
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Additional  Sparse  Array  Behavior 

A/  =  24,  M  =  10,  |3  =  4  Example 

Length  =  24  ele.  Length  =  50  ele.  Length  =  80  ele. 
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Aperture  Length  (Element  Positions) 


New  (?)  Rules  for  Sparse  Arrays 


<0 

0)  >« 

g  c 
E  0) 
w  > 

o'o) 

£  (0 

!S  c 

£  S5 

Si 

o£ 

s>S 

O  3 
EQ. 

£ 

o  o 

0)73 

^(D 

Wt 

ir  ^ 

O  Q. 

LL  (0 


£ 

S  o 
lo 

IS  'g  O 
3  0)  C 

£  c  0) 

«  S'" 
®-S  2 

CO  "* 

3  O 

i2 

I  s. 

up  (0 

w  <0 

I  2. 


(0 

IS' 

3 

O’ 

<D . 


00 

II  II 
9UI|i* 


Single  subarray  it 

G>J3{S-1){M-1) 

I.e.,  The  array  is  so  sparse  that  there  is  no  redundancy 
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G  =  Sum  gap  sizes  (element  positions)  S  =  Number  of  subarrays 


Sparse  Aperture  Waveforms 


Unambiguous  waveforms  preferable 
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Concern  about  strong  sideiobe  clutter  >  noise  floor 
-  Wide  bandwidth  &  narrow  antenna  beampatterns 


Processing  Long  Single  Pulse  Waveform 
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Looks  like  high  PRF  radar  without  the  range  ambiguities 


Space  Time  Adaptive  Processing 
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Should  not  make  the  array  too  sparse 

-  For  <3  dB  SINR  loss  grating  lobe  gain  must  be  3  dB  less  than 
main  lobe  gain  (Z  grating  lobes  for  pulse-Doppler  waveforms?) 
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Max.  sparse  rank  =  *  Runs  out  of  DOFs  with 

8+2(32-1)  =  70  (reached  a  27  element  gap 

with  a  31  element  gap)  8+27+2(32-1)  =  63 


Unambiguous  vs.  Ambiguous  Waveforms 
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Space  Based  GMTI  Radar  Examples 


Space  Based  Radar  GMTI  Designs 


Issues  being  addressed  by  Aerospace  Corporation 
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60*^  Rotation  Scenario 
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Velocity  (m/s)  Velocity  (m/s) 


-3  dB  MDV  vs.  Array  Length 
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baseline  to  obtain  the  same  performance  as  the  other 
configurations,  but  ultimately  provides  the  best  MDV 

-  165m  aperture  optimizes  MDV  for  2500  km  range 

-  Longer  apertures  improve  angie  metrics 
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Sparse  arrays  with  many  unevenly  sized  unevenly 
spaced  subarrays  provide  the  best  GMTI  performance 


Backup  Viewgraphs 
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Interferometer  Array  Grating  Lobes 


~^/3  fill  fraction  -3  dB  grating  lobes  untapered  apertures 


Grating  Lobe  Distributions 
3  Equai  Arrays 
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Grating  Lobe  Distributions 
Unequal  Arrays 
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0°  Rotation  Scenario 


MIT  Lincoln  Laboratory 


(0 

3 

ur 

LII 

o 

0) 


(ap)  aNS  PioMS0JMi 


(ap)  I^Aan  9qon  Buqejo 


O  TO 
a  Q 


0) 

o 


(0 

0) 


^  £ 

g  © 

3 

t:  o) 
0)  c 

S-w 

E  E 

(O  ^ 

o>  .= 


•  ' 


2 

2 


o 

n 

cs 

u 

c 

o 

o 

c 


Provides  89  m  rms  error  at  6°  grazing 
82  m  gives  107  m  rms  error 


Three  Unequal  Apertures  Target  Location 
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72m  aperture  Provides  119m  rms  error 
at  6°  grazing 


SINR  Loss  Due  To  Grating  Lobe 

(Spatial  Only  Example) 

20  Element  Array  Example 
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i.e.,  for  3  dB  loss  grating  lobe  gain  (sum  grating  lobes  for 
pulse-Doppler  ?)  must  be  3  dB  less  than  main  lobe  gain 


